Abstract Changing precipitation in the densely populated Sichuan basin may have a great impact on human life. This study analyzes the change in summer precipitation since 1951 over the western Sichuan basin, one of the regions of the heaviest rainfall in China, by using two datasets provided by the Chinese Meteorological Data Center. The results indicate that summer (from June to September) precipitation over the western Sichuan basin shows a significantly decreasing trend. The summer precipitation over this region has decreased by about 20% since the 1950s, with a rate of decrease of about 40 mm per decade. 
Introduction
Precipitation trends in China have been the subject of extensive study. Observations of rainfall indicate that during the past several decades, summer precipitation has tended to increase over the middle and lower reaches of the Yangtze River. Likewise, it has tended to decrease over North China (Ren et al., 2000; Zhai et al., 2005; Wang and Yan, 2009 ). However, these previous studies paid less attention to precipitation trends over relatively small regions and chose to focus on precipitation change over large-scale regions such as the Yangtze River basin or North China.
The Sichuan basin, roughly between 2732°N, 103 108°E, is located in Southwest China, at the eastern edge of the Tibetan Plateau. It is one of the most densely populated regions both of China and of the world. It includes about 1/10 of China's population in about 1/60 of the country's area. Precipitation in the Sichuan basin is greatly affected by the southwest vortex, which is generated over the Tibetan Plateau and moves eastwards into the Sichuan Basin (e.g., Fu et al., 2010; Huang et al., 2010) . Convective systems often occur over the Tibetan Plateau during summer, and some of them can trigger the southwest vortex. The frequent appearance of the southwest vortex makes the western Sichuan basin a region of heavy precipitation.
By using rainfall data from 160 stations in China from
Corresponding author: LU Ri-Yu, lr@mail.iap.ac.cn 1951 to 2000, Zhu and Yu (2003) examined the change in July-August rainfall over the western Sichuan basin. Ya'an, Mianyang, and Chengdu, three stations in the western Sichuan basin, are included in these 160 weather stations. By analyzing the composite precipitation change over these three stations, Zhu and Yu (2003) indicated that the midsummer rainfall in the western Sichuan basin exhibits a clear pattern of interdecadal variation: heavy during the 1950s and early 1960s, decreasing thereafter, and reaching a minimum in the 1990s. Because precipitation variability is strongly dependent on the location and topography of observational stations, further investigation using more observational data will be needed to examine the precipitation change in the western Sichuan basin. Two observational station rainfall datasets for China are used in this study: (1) Figure 1 shows the climatological summer (June September, JJAS) precipitation. Similar spatial distributions are presented by the two rainfall datasets. There are two maximum rainfall regions: one in the western Sichuan basin and another along the southern coastal area. In this study, we treated the period from June to September as summer because more than 70% of annual rainfall occurs during this period (Zhu and Yu, 2003) . In addition, June and September precipitation values for most stations in the western Sichuan basin show a decreasing trend, though the trends are slightly weaker than the decreasing trend in July or August (Table 1) .
Results
We divided the station rainfall data into two epochs by defining 1977/78 as the point of separation. Thus, these two epochs had a similar length for both the datasets. The differences between these epochs can be used to ap- proximate the change in rainfall. These differences are shown in Fig. 2 . In the western Sichuan basin, rainfall was lower in the latter epoch, relative to the former epoch. The most dramatic decrease in rainfall appeared east of the region of the climatological precipitation maximum (Fig. 1) . The amplitude of the decrease in rainfall was as much as 100 mm. Moreover, over the same period, rainfall decreased in North China, a result also obtained by many previous studies (e.g., Yan et al., 1990; Huang et al., 1999; Zhang, 1999; Lu, 2002) . These previous studies indicated that North China rainfall decreased in the mid-1960s and at the end of the 1970s. The decreasing amplitude of rainfall over the western Sichuan basin is comparable to or even more significant than that over North China. Rainfall increased during the latter epoch in the middle and lower reaches of the Yangtze River, a result in agreement with previous findings (e.g., Gong and Ho, 2002) . Rainfall in South China tended to decrease in the latter epoch relative to the former epoch, although it has increased significantly since the early and middle ATMOSPHERIC AND OCEANIC SCIENCE LETTERS VOL. 4
1990s (Kwon et al., 2005 (Kwon et al., , 2007 Ding et al., 2008; Wu et al., 2010) . Figure 3 displays the linear trend in rainfall change. This trend was estimated using the correlation coefficients between rainfall time series and corresponding year numbers. The evident decrease in the precipitation over the western Sichuan basin is statistically significant, with a confidence level of 90% over a broad region. The area of the region over which the decrease occurs is comparable to the area of significant decrease over North China, a decrease that has been well documented previously. The linear decrease was statistically more significant than the differences between the former and latter epochs (Fig. 2) . This result suggests that the decrease in summer precipitation over the western Sichuan basin is more similar to a decreasing trend than to an interdecadal change. Figure 4 shows the variation in summer precipitation, averaged over the stations in the western Sichuan basin. The number of stations was three for the 160-station dataset and six for the 730-station dataset. The averaged precipitation shows a clear tendency to decrease, as indicated by the straight lines. The summer precipitation decreased from about 1000 mm at the beginning of the period of analysis to about 800 mm at the end of the period. The approximate relative amount of decrease is a remarkable 20%. The linear rate of decrease is about 40 mm per decade. The correlation coefficients between the station-averaged rainfall time series and corresponding year numbers are 0.37 and 0.40 for the 160-station dataset and the 730-station dataset, respectively. These correlations are statistically significant at the 99% level. Interestingly, the interannual minima of precipitation do not exhibit a decreasing trend but remain at approximately 600 mm during the entire analysis period, whereas the interannual maxima show a clear decreasing trend, from about 1350 mm at the beginning to 1000 mm at the end.
We examined the variation in the summer precipitation for each station used to represent the western Sichuan basin in this study. The correlation coefficients between the rainfall time series and corresponding year numbers ranged from 0.20 (Ya'an) to 0.40 (Mianyang) ( Table  1) .
For most areas of eastern China, June-July-August (JJA) is considered to be the summer rainy season. We therefore repeated all of the analyses in this study by using the JJA precipitation data and found that the JJA results are very similar to the JJAS results presented in this paper. For instance, the correlation coefficients between the station-averaged rainfall time series and corresponding year numbers are 0.33 and 0.36 and are significant at the 95% and 99% levels for the 160-station dataset and the 730-station dataset, respectively. Furthermore, the decreasing trend in JJA precipitation over the western Sichuan basin is comparable to that over North China.
Summary
In this study, we investigated the change in summer precipitation over the western Sichuan basin, one of the most densely populated regions in China and also in the world, using two datasets provided by the Chinese Meteorological Data Center. As in most areas in China, summer is the rainy season in the western Sichuan basin.
Results of analysis of both datasets indicate a significantly decreasing trend in summer precipitation over the western Sichuan basin since the 1950s. The linear rate of decrease is about 40 mm per decade. The decreasing trend in this region is comparable to, if not more significant than, the decreasing or increasing trends for other regions of China, e.g., for North China or the middle and lower reaches of the Yangtze River. Furthermore, the decreasing trend in precipitation over the western Sichuan basin tends to be produced by the change in the frequency of heavy summer rainfall: heavier rainfall appears more frequently in the early decades but is almost nonexistent in recent decades. Analysis of the rainfall change at each station in the western Sichuan basin generally confirms these conclusions.
It should be noted that there are only a few stations in the western Sichuan basin, even in the 730-station dataset. In view of the high sensitivity of rainfall to details of regional features, observational rainfall data at more stations will clearly be necessary to reach more reliable conclusions. Furthermore, this study does not attempt to investigate the physical mechanism responsible for this decreasing trend in precipitation. Knowledge of the physical mechanism is crucial to obtain better understanding of the decreasing trend in precipitation and to make reliable judgments about whether or not such a trend will continue in the future. found that the activity of the Tibetan Plateau vortex has tended to become weaker since the early 1990s in comparison with that occurring in the 1980s, but that the frequency of vortex movement eastwards out of the Tibetan Plateau does not show such a decadal change. Therefore, it appears that the change in vortex activities does not directly explain the decreasing trend in summer precipitation over the western Sichuan basin. Furthermore, the lack of high-resolution observations over the Tibetan Plateau and adjacent areas may prevent reliable estimation of the changing trends in vortex activity. Therefore, understanding the mechanism for the decreasing trend in summer precipitation over the western Sichuan basin remains a great challenge.
